INTRODUCTION
Sphingobacteriurn heparinurn, represented by a single isolate, remained for many years the sole representative of a strictly aerobic Gram-negative, heparinaseproducing bacterium. Joubert (14) succeeded in obtaining heparinase-producing isolates from soil and activated sludge. Sixteen isolates were investigated by SDS-PAGE of whole-cell proteins and found to consist of three discernable groups (26) . One group comprising 11 isolates and two subcultures of the type strain of S. heparinurn were found to cluster into a single group (consisting of two sub-groups Ia and Ib). The second group (11) and a third group (111) contain one and four ' Abbreviation : FAME, fatty acid methyl ester.
isolates, respectively. Corresponding rRNA groups and sub-groups were found by DNA-rRNA hybridizations (26, 27) .
The generic status of S. heparinurn has been discussed repeatedly and the organism has been successively transferred to other genera. The species was first described as Flavobacteriurn heparinurn (20) , and was later reclassified in the genus Cytophaga as Cytophaga heparina (2) . Reichenbach (21) has already questioned the inclusion of the organism in the genus Cytophaga. More recently the phylogenetic position of C. heparina was further elucidated (7, 8, 17, 18, 19, 26 New genus of heparinolytic bacteria, Pedobacter V, the so-called Cytophaga-Flavobacterium-Bacteroides group (1, 23, 26) . The confused taxonomy of this large group of bacteria was recently clarified by rRNA similarity studies (1, 7, 8, 17, 18, 19) and quinone analyses (5, 17, 18, 28) . This resulted in the creation of new genera (1 8, 30) and emended descriptions of the genus Flavobacterium, the family Flavobacteriaceae (1) and the genus Cytophaga (1 8) . This paper reports on the classification of the heparinase-producing isolates by a more detailed phenotypic description and determination of fatty acid content of the obtained clusters and related organisms, together with some additional DNA-rRNA and DNA-DNA hybridizations. Preliminary data have already been presented by Steyn et al. (27) 
METHODS
Micro-organisms and growth conditions. Strains studied are listed in Table 1 . Information about the bacterial strains, considered in this paper, and growth conditions were given before (26, 27, 28, 32) . Conventional tests. The conventional tests were done according to Cowan (4) or Sonnenwirth (25) , unless stated otherwise. The oxidation/fermentation test was done in SIM medium (Merck). Acid and gas production from glucose, lactose and sucrose were determined in Kligler Iron agar (Difco Laboratories). Cytochrome-c oxidase was determined by adding a few drops of tetramethyl-p-phenylenediamine solution to a 5-d-old Tryptose agar (Biolab) slant. Lysine deaminase and lysine decarboxylase were determined in Lysine iron agar (Biolab). Utilization of citrate and mannitol was determined on Citrate mannitol agar (Biolab). Urease activity was determined in Urease agar base (Difco) to which 1.5% agar was added. For the determination of acid production from inositol and arabinose a sugar base consisting of 2 YO Bacto peptone (Difco) and 0.5 YO NaCl was used, to which 2.5% inositol or arabinose was added. Nitrate reduction was determined on Sellers agar (Difco). The medium described by Cowan (1979) was used for the determination of ornithine decarboxylase. The isolates were also tested for their ability to grow on MacConkey agar (Difco). The inoculated tubes were incubated at 25 "C and read after 7 and 14 d, respectively. Positive and negative controls were included in all tests. Heparinase production was determined by the method of Joubert et al. (13) . Carbon assimilation tests. The API 50CH, 50A0, 50AA (API Systems) galleries were used according to a standardized procedure (1 5) . API 20E and API ZYM micromethod tests. These tests were done according to the instructions of the manufacturer (API Systems). A suspension was made of a 3-d-old slant in sterile water, adjusted to give a reading of 5-6 on the MacFarland scale and used for inoculating the galleries. The API 20E galleries were incubated at 25 "C for 7 d, and the API ZYM galleries at 30 "C for 4 h.
GC of cellular fatty acids. The methods using the MIS system (Microbial Identification System) have been described previously (27) . Fatty acid methyl esters (FAMEs) were separated on an apolar fused silica capillary column coated with a phenyl methyl silicone gum phase (Hewlett-Packard). Under these conditions the fatty acids 16: 1m7c and iso-15:0(2-OH), two major components of the taxa studied, eluted for most strains as a single peak. To quantify both FAMEs a second analysis was performed on a polar cyanopropyl silicone column (3 1) where both peaks elute at clearly different retention times.
DNA-rRNA and DNA-DNA hybridizations. DNA-rRNA and DNA-DNA hybridizations were performed as described previously (26, 27) .
RESULTS

DNA-rRNA hybridization
Previous data (26, 27) together with results from this study (Table 2) , are presented in Fig. 1 
GC of cellular fatty acids
Phenotypic features
The results of an extensive phenotypic analysis and sensitivity study to antibiotics, with descriptive and discriminative information, are presented in Tables 5  and 6 .
[Flavobacterium] yabuuchiae and [Flexibacter] canadensis were not tested. All strains studied produce on most agar media a yellow or creamy white nonfluorescent pigment, and they produce catalase, oxidase, phosphatase, esterase lipase (C8), leucine arylamidase, a-glucosidase and N-acetyl-p-glucosaminidase. Of the 49 carbohydrates tested ( * SDS-PAGE or DNA hybridization sub-group numbers are shown in parentheses (see Table 1 ). All strains in Table 1 were studied. 
Proposal of new species
As reported before (26, 27) , the heparinase-producing bacteria were classified by SDS-PAGE, DNA-rRNA hybridization, G + C content and phenotypical analysis into three main clusters. Cluster I was further subdivided into two sub-groups Ia and Ib. Table 3 demonstrates that these sub-groups contain respectively three (Ial, Ia2 and Ia3) and two (Ibl and Ib2) DNA hybridization groups. DNA hybridization group Ial, encompassing solely the type strain of S . heparinum, is reclassified as P. heparinus. Six new isolates of DNA hybridization group Ia3 are classified as a new species named P. africanus. Because the other taxa, Ia2, Ibl and Ib2, do not contain a set of independently isolated strains no new species names are proposed for these DNA hybridization groups. They can be considered as-yet-unnamed genospecies of the genus Pedobacter. Isolation of more strains may lead to the description of new species names for these sub-groups. Cluster I1 is shown to be more related to P. heparinus [Tm(e) = 74-2 "C] than to P. saltans (cluster 111) [Tm,,, = 71-6 "C]. Due to the presence of a single isolate in cluster 11, the strain is not named and is described as Pedobacter sp. For cluster 111, a very homogeneous (DNA hybridization levels of 94% and higher) and separate DNA hybridization group, the species name P. saltans is proposed.
Although all species and genospecies are phenotypically highly similar, they can be differentiated by a combination of tests (Tables 5 and 6 ). Also, Steyn et al. (27) performed a cluster analysis of carbon assimilation tests and found a comparable clustering of the DNA hybridization sub-groups. Only the single strain (LMG 10342) of sub-group Ib2 grouped among strains of P. africanus (sub-group Ia3). Data presented in Table 5 demonstrate that some phenotypic features differentiate the latter two taxa. P. heparinus can be differentiated from most other taxa of the genus by its ability to grow on sorbitol and L-fucose and its lack of valine arylamidase. P. africanus can be discriminated by its ability to assimilate several amino acids ( Table 5 ). Particular taxa assimilate or produce acid from some carbohydrates, which can be used as differentiating features (Table 5 ). Organic acids, except pyruvate, and a few amino acids and amines are utilized by only some strains. Sensitivity to antibiotics is described in Ampicillin (8) Chloramphenicol (8) Cephalothin (1 6 Table 2 ). General characteristics are those as given for the genus. The organism can be differentiated from most other taxa of the genus by its ability to grow on sorbitol and L-fucose, and the absence of valine arylamidase. Additional differentiating features are given in Tables  4, 5 and 6. Some other characteristics are described by Christensen (2) 
